A prospective survey was undertaken of the anaesthesia for theftrst 300 patients at the Victorian Lithotripsy Service. The majority (71.7%) were not hospitalised on site, including four quadriplegics and two ASA grade IV patients. Two hundred and eighty-three (94.3%) patients received continuous lumbar epidural anaesthesia, sixteen (5.3%) received general anaesthesia and one received a spinal anaesthetic. Eighty-two patients (27.3%) underwent ancillary procedures at the time of extracorporeal shockwave lithotripsy. The most common intraoperative complications were hypotension (72 patients, 25.4%) and shivering (39 patients, 13.8%). Arrhythmias occurred in nine (3%) patients. There was a 90% patient follow-up rate and the most common postoperative complication was backache (l01 patients, 37.4%). The problems of anaesthesia for extracorporeal shockwave lithotripsy are discussed. Epidural anaesthesia offers a number of advantages for this procedure and proved very suitable for the majority of patients.
It is necessary for the process to take place beneath water since water has the same acoustic density as biological tissue. This is not a requirement in the latest generation of machines. The electrode and focusing ellipse lie at the base of a large stainless steel bath in which the patient is immersed up to the clavicles, so that there is no change in impedance at the entrance and exit points of the shockwaves from the body. The water is heated (36°-38°C), degassed and decalcified.
The shockwaves are ECG triggered 20 milliseconds after the R wave (during the refractory period) to minimise arrhythmias. Treatments were initially limited to 2000 shocks but this maximum has gradually been extended.
Stones that can be localised radiologically in the kidney or ureter are suitable for ESWL Anaesthesia and Intensi,'e Care, Vol. 16 providing the urinary system is patent distal to the stone to allow the free passage of particles. The absolute contraindications to ESWL are untreated coagulopathy and pregnancy. The cradle will lift patients up to 135 kg but in large patients visualisation of the renal calculus may be difficult. The treatment is painful and requires either general or epidural anaesthesia, although other methods have been tried. 1. 2 Many patients require some ancillary procedure in conjunction with ESWL, e.g. placement of a ureteric stent, or pushing calculi from the ureter to the renal pelvis where treatment is more satisfactory. These procedures are usually performed immediately before or after ESWL in an endoscopy theatre, although some patients undergo ancillary procedures several days before ESWL.
The aim of this paper is to present a prospective survey of anaesthesia for the first 300 patients treated at the Victorian 
METHOD
The anaesthetic policy of the service was to use epidural anaesthesia unless this was felt to be contraindicated by the administering anaesthetist. All patients received an intravenous infusion, usually Hartmann's solution.
Epidural anaesthesia consisted of a standard technique, using loss of resistance to injection of air or saline, with insertion of an 18 gauge epidural catheter (usually at the Ll-2 or L2-3 interspace) via a 16 gauge Tuohy needle and the use of lignocaine 1.5% with adrenaline to achieve a sensory block level in the region of T4-T6. The catheter insertion site was waterproofed by covering it with a transparent adhesive dressing (Tegaderm,® 3M) with Sleek® (Smith & Nephew) edging. The catheter was taped along the back so that the proximal end was never submersed and was accessible for doses via a bacterial filter during treatment. Most patients received oxygen via a mask while in the bath.
In patients who received general anaesthesia, induction and intubation were performed with the patient on the theatre trolley prior to positioning in the cradle. All patients were ventilated with conventional volumes and rates.
Patients were monitored with an automatic blood pressure cuff and ECG throughout the procedure. Three ECG electrodes were applied -left shoulder, right shoulder and lateral to the left nipple. These were covered with 7.5 cm Sleek® to improve adhesion under water. This placement did not interfere with fluoroscopic stone localisation. More invasive monitoring was used where appropriate.
Data were entered into a computer database for analysis. Seven anaesthetists were involved in the survey. Patient follow-up was by telephone or by letter when necessary. The follow-up was not carried out by the administering anaesthetist.
The lithotripsy machine in use at the Victorian Lithotripsy Service was the Dornier system HM. 3 . RESULTS
Patient data:
The mean patient age was 50 years (range 10-83, SD 14.6 years). One hundred and ninety (63.3%) of the patients were male (mean age 50.6) and one hundred and ten (36.7%) were female (mean age 49.0).
The majority of patients (215 or 71. 7%) were not hospitalised on site, but arrived by taxi or ambulance and returned to their hospitals of origin by ambulance after treatment. Patients were received from 'twenty-four metropolitan Melbourne hospitals, both private and public.
ASA classification of our patients is shown in Table 1 and the incidence of medical problems in Table 2 .
Procedural data:
Twenty-six patients (8.7%) had undergone a recent ancillary procedure under a separate anaesthetic before presenting for ESWL. Eighty-two patients (27.3%) underwent ancillary procedures at the time of ESWL Fifty-one per cent of patients underwent right-sided treatment, 41 % left-sided treatment and 8% underwent bilateral treatment. Ten patients (3.3%) underwent repeat ESWL.
The average time from positioning in the cradle to commencement of firing (i.e. time taken to focus on the stone) was 9.9 minutes (range 1-65 minutes) and the average time for treatment (actual firing time) was 35.1 minutes (range 10-80 minutes). The range for the total procedure time (positioning in cradle to termination of firing) was 14 to 110 minutes. This did not include the additional time taken for any ancillary procedures, which was sometimes over 60 minutes.
Anaesthetic data:
The majority of patients (252, 84%) were unpremedicated. The commonest premedication was oral temazepam which was used in 38 (12.7%) patients.
Two hundred and eighty-three patients (94.3%) received epidural anaesthesia, and one patient in whom the epidural space could not be located (severe ankylosing spondylitis) was given a spinal anaesthetic. The remaining sixteen patients (5.3%) received general anaesthesia for specific reasons (Table 4) . Caudal anaesthesia was used in seven patients to augment lumbar epidural anaesthesia in the lower sacral area for the ancillary procedures.
The initial doses of local anaesthetics, number of top-ups and total doses given are shown in Table 5 . Eighty-nine (31.4%) patients required at least one top-up of the epidural because of a prolonged procedure or discomfort during treatment. The mean total dose for males (24 ml) was significantly different (t-test, P < 0.05) to that of females (22 ml). Levels of sensory blockade in our patients varied from T 1 to T8 (92% were T6 and above). Table 6 summarises the use of sedation interspace and in one patient general anaesthesia was administered. In no case was the other option of converting the dural tap to a spinal anaesthetic taken. 3 Three of the four patients with dural taps complained of headache postoperatively. One of these was treated conservatively and the other two responded well to epidural blood patch.
Intraoperative complications:
Shivering following epidural anaesthesia, but prior to immersion, was recorded in thirty-nine (13.8%) patients. Among those patients receiving epidural anaesthesia the most common intraoperative complication (25.4%) was hypotension as defined by the need to use vasopressors (usually metaraminol). Other intraoperative complications are listed in Table 7 .
Of the nine patients with arrhythmias, five had a history of heart disease and one of hypertension. Eight patients had received epidurals and one a general anaesthetic. In no case did the arrhythmias (atrial and/or ventricular ectopics) cause haemodynamic instability, require management or necessitate the termination of treatment.
Three patients were urgently removed from the bath; two because of acute anxiety (in one the procedure was discontinued while the other was converted to a general anaesthetic), and one due to severe hypotension (after resuscitation this patient's treatment continued uneventfully).
Postoperative complications:
An attempt was made to follow up all patients. This was successful in 270 (90%) of cases despite the diverse origins of patients from many different hospitals and also from interstate and abroad. Postoperative complications are listed in Table 8 . Backache was by far the most common complaint (101 or 37.4% of patients). One patient complained of severe back pain at the epidural insertion site for several weeks but this resolved spontaneously.
Two patients developed allergic manifestations in the recovery room. These were limited to urticaria and peri-orbital oedema in one patient, who had received fentanyl, midazolam and frusemide during the procedure, but included mouth swelling and bronchospasm in the other patient who had received only frusemide and gentamicin. Neither had a previous history of allergy.
On specific questioning nineteen (7.0%) patients registered dissatisfaction with the anaesthetic. Table 9 summarises the main reasons for patients' dissatisfaction with their anaesthetic.
DISCUSSION
There are a number of problems associated with anaesthesia for ESWL. These include:
Patient position:
Patients are positioned in a padded cradle (Figure 1) which exposes them to some of the physiological changes of sitting, and peripheral nerve injuries, particularly in the arms which are stretched above the head. Cardiopulmonary resuscitation cannot be performed with the patient in the cradle. In addition patient movement must be minimised to diminish renal stone movement and hence decrease the number of shocks delivered inadvertently to healthy tissue. 4 
Immersion
Immersion in water up to the clavicles causes cardiovascular changes by transferring blood volume centrally5,6 and also affects respiratory mechanics. 7 
Working environment
In common with other radiological procedures, the anaesthetist is working in a darkened X-ray polluted environment. The lithotripter is noisy with each shock sounding like a rifle shot and some noise protection device may be required. 8 Access to the patient, and especially to the airway, within the bath is limited.
Patient transfer
Transferring patients who have undergone ancillary procedures from the endoscopy room to the ESWL procedure room and where necessary to an X-ray room, while anaesthetized, exposes them to the hazards of transport.
Patients not hospitalized on site
These patients present many of the problems of outpatient anaesthesia such as limited time for assessment, apprehension, lack of premedication and difficulty in post-anaesthetic follow-up. Continuous lumbar epidural anaesthesia proved suitable for ESWL with a high patient satisfaction rate in spite of lack of preoperative preparation and counselling by an anaesthetist. Perhaps the major advantage of epidural anaesthesia is the safety during transport from endoscopy room to the ESWL room. In the frequent case of delay, the patient may wait safely in the recovery room. This flexibility increases the efficiency of the entire suite. 9 Positioning the patient in the cradle is safer for both the positioners and the patient, who is able to manoeuvre the upper part of his body into a comfortable position thus decreasing postoperative stiffness and peripheral nerve injuries. In the hands of two anaesthetists one patient can be prepared for anaesthesia while the first patient is undergoing treatment, thus decreasing turnover time. Other suggested advantages include decreased postoperative pain, more rapid patient recovery and less constitutional disturbance. 10 Spinal anaesthesia has not been widely used because it lacks the flexibility of continuous lumbar epidural anaesthesia (duration of action, titration of level of block) and is associated with a higher incidence of postoperative headache.
Breakthrough pain does occur but is easily treated by top-ups oflocal anaesthetic or small amounts of intravenous sedation or fentanyl analgesia. Although a small number of patients reported discomfort or pain when interviewed postoperatively, this was generally not severe.
The significant incidence of hypotension associated with epidural anaesthesia in our patients is related to the high level of blockade and minimal fluid loading. These patients were not heavily preloaded with fluids because immersion up to the clavicles causes a fluid shift from the legs into the central circulation. They therefore remained prone to hypotension before immersion and this was exacerbated by the sitting position in the cradle. Hypotension responded well to vasopressors in all cases. In spite of the increased preload associated with immersion and the many patients with cardiac disease in our survey, no patient developed an acute exacerbation of cardiac failure.
Although the shocks are timed to land in the refractory period of the cardiac cycle, shockwaves that impinge on the heart may precipitate extrasystoles. Our incidence of arrhythmias (9 or 3% of patients) is lower than that quoted (9% and 16%) in some other reports. I 1,12 Interestingly, most procedures were performed under general anaesthesia in those reports. II , 12 Postoperative backache was most commonly situated laterally over the treated kidney and was probably due to bruising resulting from the shockwaves or renal colic associated with fragment passage. However, twenty-eight (11 %) patients complained of central back pain at the epidural insertion site while twenty-six (l 0.2%) could not categorise the type of back pain they experienced. Using an 18 gauge Tuohy needle (we use 16 gauge needles) may decrease this incidence of insertion site pain. The transfer to and from the cradle and sitting immobilised in the cradle for periods of up to 110 minutes may also have contributed significantly to our high incidence of postoperative back pain.
Quadriplegics are susceptible to urinary tract problems. Although they may not feel pain, autonomic hyper-reflexia and involuntary movement due to muscle spasms may be present during surgical stimulation. Epidural anaesthesia prevented these potential problems in all cases.
Our incidence of shivering after epidural of 13.8% is less than that in reports of obstetric anaesthesia. 13 Although the cause of shivering under these circumstances remains obscure, we observed that immersion in the warm waterbath stopped the shivering in all circumstances. This would seem to suggest that the shivering may be related to increased heat loss.
In summary, providing anaesthesia for ESWL and ancillary procedures to a wide range of patients arriving from inside and outside hospital provides an anaesthetic challenge. Continuous epidural anaesthesia has proved most suitable for the majority of patients.
